Verapamil corrects abnormal metabolism of pancreatic islets and insulin secretion in phosphate depletion.
Phosphate depletion (PD) causes impaired insulin secretion and metabolic derangements in pancreatic islets. We studied PD, pair-weighed (PW), and PD and PW rats treated with verapamil (PD-V and PW-V) to examine the mechanisms of these derangements. Cytosolic calcium ([Ca2+]i) in PD islets was higher than that in PW, PD-V, and PW-V islets, and the values in the latter three groups were not different. Both basal and stimulated ATP in PD islets were lower than those in PW, PW-V, or PD-V islets. The maximum velocity (Vmax) of Ca(2+)-ATPase and the Km and Vmax of Na+,K(+)-ATPase were reduced in PD islets. In both PD-V and PW-V, the Vmax of Ca(2+)-ATPase was higher than that in PD, but lower than that in PW. Both initial and second phases of insulin secretion by PD islets were lower than those by PW and PW-V islets. In PD-V rats, insulin secretion was greater than that in PD rats, but only the second phase was significantly higher. The data are consistent with either of the following possibilities: 1) PD causes a change in the permeability of islets, allowing increased entry of Ca2+ into them and a fall in ATP of islets; the latter would impair the activity of both ATPases, leading to reduced Ca2+ extrusion from islets and, hence, an elevation in their [Ca2+]i; or 2) the primary defect in PD is a reduction in the activities of ATPases of islets due to the fall in ATP secondary to phosphorus deficiency. The decreased Ca2+ extrusion that ensues, even in the face of normal Ca2+ entry, will result in high [Ca2+]i. In either of these scenarios the rise in [Ca2+]i would inhibit mitochondrial oxygen consumption and ATP production, further lowering the ATP content of the islets. The higher [Ca2+]i and low ATP of PD underlie the impaired insulin secretion. Verapamil, by blocking normal or augmented Ca2+ entry into the islets, mitigates or prevents the derangements in islet function and metabolism.